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Abstract 
 
This  document  is  the  final  submission  for  the  Engineering  Internship  unit  (ENG450),  undertaken  at 
WorleyParsons  Resources  and  Energy  for  a  duration  of  19  weeks.  The  main  objective  of  the  final  year 
engineering internship is to provide exposure to the applied world of engineering design or research through a 
period of workplace employment in a relevant area of engineering. As such, it aims to address and develop 
several technical and process competencies as defined by Engineers Australia. 
 
As a pre-cursor to the work undertaken as part of the Engineering Internship, the nature of the processes on the 
concerned facilities (Bayu-Undan) are explored. The scope of the specific Bayu-Undan II project assigned is 
subsequently defined in pursuit of increased hydrocarbon liquids and LNG production.  
 
The work undertaken, as detailed in this report, encompasses the activities assigned to the Instrumentation and 
Control discipline in the preliminary “planning” phase of the project (formally referred to as pre-Front End 
Engineering Design). These tasks/activities served as the primary deliverables required for this phase of the 
project. 
 
An  Instrument  feasibility  study  is  provided  to  essentially  outline  the  scope  of  work  required  from  an 
instrumentation perspective, in order to facilitate the defined “flow-line” tie-ins to occur. As such, it provides the 
basis for specification and configuration of the associated instrumentation. 
 
As a means of establishing a basis for the required modifications, the hardware components, layout, architecture 
and configuration of the control and shutdown systems on the existing facilities is subsequently explored. The 
modification and/or configuration of the control and shutdown systems, in order to accommodate the defined 
“flow-line” tie-ins, are subsequently provided as the control and shutdown systems vendor scope of work. This 
also includes all required documentation defining the appropriate configuration and/or modification of these 
systems. 
 
The tasks associated with the specification and procurement of several instrument packages have also been 
undertaken  and  are  detailed  within  this  report.  Where  possible,  background  research  regarding  instrument 
components, functionality and required specifications has been included. 
  
 
 
 
  v 
The intended objectives of the engineering internship have been successfully fulfilled by the project undertaken 
at WorleyParsons resources and energy. Recommendations for future developments of this project are essentially 
a  continuation  of  the  instrumentation  and  control  project  deliverables,  and  are  defined  further  within  the 
relevant section of this report.  
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1  Internship Objectives 
 
The main objective of the final year Engineering Internship is to “provide exposure to the applied world of 
engineering design or research through a period of workplace employment in a relevant area of engineering.” [1]. 
 
The work to be undertaken is expected to address and develop several of the following Engineers Australia 
competency units. 
 
Technical Competencies: 
1.  Engineering Practice 
2.  Engineering Planning and Design 
3.  Engineering Operations 
4.  Materials/Components/Systems 
5.  Research/Development/Commercialisation 
 
Process Competencies: 
1.  Self Management in the Engineering Workplace 
2.  Engineering Business Management 
3.  Engineering Project Management 
4.  Environmental Management 
5.  Investigating and Reporting 
[1]. 
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2  Project Background 
 
The assigned project pursues the progression and development of the “Bayu-Undan” natural gas and associated 
liquids field. The Bayu-Undan field is located in the Timor Sea, approximately 500 km North-West of Darwin, 
Northern Territory, Australia, and 250 km South-East of Suai East Timor. The existing facilities reside in an 
approximate water depth of 80 meters [2], [3]. Production data estimates that the life of the oil field is in excess 
of 20 years from the start-up date of approximately 10 years ago. 
 
The Bayu-Undan Gas Recycle Project is composed of three offshore facilities located in the Bayu-Undan Oil 
field. These facility centres are as follows: 
§  A  “Central  Production  Processing”  (CPP)  complex.  This  complex  consists  of  a  “Drilling  and 
Production Processing” (BU-DPP) platform in addition to a “Compression Utilities Quarters” (BU-
CUQ) platform, linked via a “bridge” to one another. 
§  A “Wellhead Platform” (BU-WP1), an unmanned platform which resides isolated, approximately 7.4km 
east of the CPP complex. The platform is connected to the CPP facilities via a seabed pipeline. 
§  A “Floating Storage and Offloading” (BU-FSO) vessel, linked by pipeline to the CPP complex which 
resides approximately 2.15km away. 
[2], [4] 
An approximate layout of these facilities is illustrated in Figure 2.1 (See Page 5). 
 
The scope of the concerned Bayu-Undan II project to be undertaken requires modifications to occur on the 
WP1 and DPP platforms only. As such, no reference shall be made to the operation of the Floating Storage and 
Offloading vessel as part of this document.  
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IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.1: Layout of Bayu-Undan Gas Recycle Project Facilities through the associated oil field [6]  
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2.1  Objectives 
The aforementioned existing Bayu-Undan facilities operate in pursuit of the following two objectives. 
1.  To “extract liquids from recycled gas, treat those liquids into product specification, propane and butane 
for export by shuttle tanker, and re-inject the stripped gas back into the reservoir.” [2]. 
2.  To allow for gas export to an LNG facility [3]. 
 
The process of gas re-injection generally involves re-injecting compressed gas into an underground reservoir 
already containing both natural gas and crude oil, “in order to increase the pressure within the reservoir and thus 
induce the flow of crude oil or else sequester gas that cannot be exported.” [5] The objective of this process is to 
increase production. Gas re-injection promotes increased production due to a resultant increase in well pressure. 
This induces more gas molecules to dissolve in the crude oil. This, in turn, decreases the viscosity of the oil thus 
increasing the output of the reservoir. [5] 
2.2  Process Overview 
The Bayu-Undan facilities comprise of several unit operations. The functionality of each of these operations is 
distributed  throughout  the  three  offshore  platforms  and  FSO.  While  it  is  not  of  particular  concern  which 
processes are associated with which platforms for the purposes of this project, the following section provides an 
overview of the operations involved in pursuit of the aforementioned objectives. A high-level overview of the 
process operations associated with the offshore platforms is provided in Figure 2.2 (See Page 7).   
 
 
 
ENG450 Engineering Internship    Project Background  7 
 
 
 
 
 
 
 
 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.2: Overall Process Flow Diagram for the Bayu-Undan facility centres (excluding the FSO) [6]  
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2.2.1  Wellhead Production & Separation 
The primary objective of the well production & separation section of the process is “to produce the well fluids 
from the reservoir in a controlled manner and to cool and separate the well fluids into their respective gas and 
liquid (condensate/water).” [6]. 
 
This involves hydrocarbon mixture being produced from the wellhead, through the means of a “choke control 
valve” (Refer to Section 6.1), and being diverted to either the test separator or the production separator as 
required. The basic process flow of the wellhead is illustrated in Figure 2.3. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.3: Process flow and equipment associated with well production & separation [6] 
Operation of the wellheads is of key interest for the purposes of this project, and as such is explored in further 
detail in Section 2.3.3. 
 
Production coolers in the form of heat exchangers (see Figure 2.3) induce the water content of the hydrocarbon 
mixture to condense from gaseous into liquid phase. This ensures that the majority of water product is separated 
and flows downstream to second-phase separation. 
 
Upon cooling the gas and associated liquids, the produced two-phase mixture enters the production manifold or 
test manifold as required. These manifolds function as a common point of entry to the production or test 
separators from all wellhead flow-lines. 
Both  the  test  separator  and  production  separator  are  classified  as  forms  of  “Separating  Pressure  Vessels”. 
Pressure vessels, in a generic sense, are used in hydrocarbon services to separate “well fluids produced from oil 
and gas wells into the gaseous and liquid components.” [7] In this particular application both test and production 
separators take the form of what are generically referred to as (two-phase) separators. These vessels are “used to 
separate a mixed-phase stream into gas and liquid phases that are “relatively” free of each other.” [7]. 
 
A second stage separation process facilitates the removal of any water from the liquid phase recovered from the 
first stage of the process. Section 2.2.6 details the basic functionality of this process. 
 
A test separator is required as a means of measuring the composure of well fluids from any one reservoir. This is 
unable to occur within the production separator as well fluids and gases combine within the production manifold 
prior to entering the production separator. The measurement of well fluid components is achieved by diverting  
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the hydrocarbon mixture from any one particular wellhead to the test separator, through the test manifold. The 
control system provides an interlocking functionality such that the medium of only one well can be routed 
through the test separator at a time. This serves two purposes: 1) to ensure that the components of only one well 
at a time are ever measured and 2) to ensure that process conditions of the test separator are maintained within 
their design constraints. 
 
Measurement of well substance composure occurs through the use of the following instrumentation. 
§  Liquids mass flowmeter (including density measurement) 
§  Liquids mass pressure (used for pressure compensation to the liquids mass flowmeter) 
§  Water cut meter output 
§  Gas/Vapour flowmeter 
§  Vapour flowmeter 
§  Vapour outlet temperature compensation for the liquids mass flowmeter 
[8] 
2.2.2  Dehydration (Glycol Contactor) 
Subsequent to the separation of the hydrocarbon mixture into gaseous and liquid components, the gas stream is 
then stripped of water (dehydrated) via the means of a glycol contactor. “Dehydration prevents the formation of 
gas hydrates and reduces corrosion”, in the latter case especially for hydrocarbon producing reservoirs which 
contain acid gases (i.e. Carbon Dioxide and Hydrogen Sulfide) “that are generally associated with the increasing 
severity of corrosion.” [9],[10]. Hydrated (water-containing) gases can cause liquid to condensate in pipelines and 
to accumulate at low points along the line, thus reducing flow capacity. Datta [11] describes other phenomena 
which can occur if the gas is to remain hydrated as follows: 
§  Ice formation 
§  Excess water vapour that will reduce the heating value of the gas 
§  Two-phase flow (due to water dropouts) that can lead to pressure-drop problems. 
[11] 
The dehydration process thus forms an essential component of the process in order to prevent these phenomena 
from occurring downstream, in other areas of the facility. The dehydration process on the Bayu-Undan facilities 
operates “to remove water from the wet gas feed stream down to a water dew-point of -60˚C @ 40barg.” [6]. As 
such, the dehydrated gas would need to be subjected to temperatures of -60˚C or less at a pressure of 40barg to 
condense into the liquid phase. The design water dew-point is based upon a 10˚C safety margin below the 
expected downstream conditions of -50˚C. 
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Two primary methods of gas dehydration feature the use of either a solid desiccant or liquid desiccant [11]. The 
dehydration process employed on the Bayu-Undan facilities utilises the second method, a liquid desiccant known 
as  glycol.  Glycol-based  dehydration  features  several  advantages  over  solid-based  desiccants  and  even  other 
liquid-based desiccants and as such is widely used commercially. The key advantages are listed as follows. 
§  “The glycol dehydration unit is comparatively cheaper to install. 
§  Easy to operate. 
§  Generates less greenhouse gas. 
§  Can dehydrate gas to a very low water dew point. 
§  Requires  less  regeneration  heat  per  kilogram  of  water  removed  from  the  saturated  gas”  (i.e.  high 
absorption efficiency). 
[11] 
The basic process flow schematic of this unit operation is illustrated in Figure 2.4, where the red lines indicate 
the primary process flow and the black lines represent the glycol utility flow. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.4: Process flow and equipment associated with the gas dehydration process [6] 
The contactor functions as a reflux absorber such that the “wet” (hydrated) gas flows from the bottom to the 
top while the lean glycol (reflux) flows from the top of the contactor to the bottom [11]. This occurs naturally as 
the gas becomes lighter when it is stripped of water, while the liquid phase of the glycol results in a downward 
flow. This process allows the glycol to absorb the water content of the wet gas, thus producing hydrated gas 
from the top of the contactor, and a “rich” (i.e. hydrated) glycol solution from the bottom. 
 
A  “filter  coalescer”  [6],  located  downstream  of  the  glycol  contactor,  is  used  to “limit  the  extent  of  glycol 
carryover” [6] and the associated freezing of glycol in the cold process exchangers located downstream of this 
unit operation.  
2.2.3  Glycol Regeneration (DRIZO) 
Upon dehydrating the gas, the lean glycol becomes rich in water. As a means of continuing to dehydrate the feed 
gas, this glycol must be converted to lean glycol (i.e. pure of water). This recycle process is known as glycol 
regeneration, and occurs in the unit operation illustrated by Figure 2.4. The desired dew-point for the dehydrated 
gas leaving the glycol contactor is very low, at 60˚C, and consequently the regenerated lean tri-ethylene glycol 
(TEG) is required to have a weight percentage of 99.995 or more. In order to achieve this, a process known as 
DRIZO regeneration is employed. The “DRIZO process enhances regeneration by introducing a superheated 
solvent loop which strips additional water from the TEG” [6].  
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2.2.4  Cold Process 
Subsequent to dehydrating the separated gas, this feed stream is then subjected to what is referred to as the 
“Cold Process”. This process functions to “recover propane and heavier liquids from the gas stream.” [6]. The 
design basis of the Bayu-Undan cold process aims to achieve propane recovery of 68% [6]. This unit operation is 
illustrated by the high-level process flow diagram in Figure 2.5. The feed gas stream is subjected to cooling via 
the form of two heat exchangers (known as printed-circuit heat exchangers), one two-way gas/gas exchanger and 
one  three-way  gas/liquid/liquid  exchanger.  The  flow  ratio  of  dry  gas  feed  through  the  two  exchangers  is 
controlled to maintain the same outlet temperatures whilst minimising the differential pressure between the two 
[6]. A hot gas bypass (not shown in Figure 2.5) controls the heat exchanger discharge to a temperature of -3˚C. 
MAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.5: Process flow and equipment associated with the cold process [6] 
In order to achieve the desired recovery of propane and heavier liquids from the feed stream the cooled gas is 
subjected to expansion via the means of a separator. This separator, labeled the “Expander Inlet Separator” in 
Figure 2.5 above, operates at a temperature and pressure of -3˚C and 101barg respectively [6], conditions which 
are  close  to  the  “critical  point”  of  the  hydrocarbon mixture. The  critical  point  of  a mixture  is  a  specified 
temperature and pressure at which phase boundaries cease to exist and at which point the densities of the 
“states” are equal [12]. The basis of the expander inlet separator unit design is such that it separates gas and 
vapour of similar densities (i.e. close to saturation point). 
 
The “Turbo Expander” illustrated in Figure 2.5 is also commonly referred to a as an expansion turbine. These 
turbines function to convert “the pressure energy of a gas or vapor stream into mechanical work as the gas or 
vapor expands through the turbine.” [13]. Despite this mechanical energy, the expansion turbine primarily serves 
to chill the process gas [13]. In this application expansion induces a decrease in the temperature of the gas, thus 
allowing separation of the required components to occur within the “Low Temperature Separator”. The propane 
and heavier liquids of the stream flow to the bottom of this separator where they then flow to the Second Stage 
Separator. The gas stream off-take from the low temperature separator remains cold in its expanded condition. 
Consequently, it is heated via the means of the gas/gas printed circuit heat exchanger and compressed via the 
means of a compressor, driven by the mechanical energy produced by the turbo expander.  
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2.2.5  Reinjection/Export Compression 
The gas produced from cold process separation is subsequently either re-injected back into the well or exported 
onshore via pipeline as required. In order to achieve this, the gas requires compression, which occurs through 
the use of a series of three compressors. This general process flow is illustrated in Figure 2.6. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.6: Process flow and equipment associated with re-injection compression [6] 
Subsequent to compression from the cold process, the stream is subject to separation via a suction scrubber. 
Scrubbers are two-phase separators which are designed to recover liquids [14]. In this application the suction 
scrubber serves to protect the re-injection compressors from liquid slugs which may occur [15]. The “scrubbed” 
gas is subsequently compressed via 3 parallel compressor trains. Each train has 3 stages with inter-stage cooling 
[6]. The compressors of each of these trains are driven by 24MW gas turbines (i.e. 1 turbine per train). The 
compressed gas is subsequently either re-injected into a reservoir or exported via a sub-sea pipeline. 
2.2.6  2
nd Stage Separation 
The 2nd stage separator facilitates separation of the 3-phase feed stream (production separator liquid) into its 
respective water, condensate and vapour products [6]. This unit operation consists of a horizontal separator, 
designed to achieve 3-phase separation of the production separator and cold train liquids. Horizontal separators 
are more suitable for liquid-liquid separation than vertical separators [14]. The performance of liquid-liquid 
separation is thus maximised by the use of a horizontal separator in order to achieve the following. 
§  Minimising the free water content in the feed to the de-ethaniser to prevent salt-fouling. 
§  Minimising the free hydrocarbons in water going to the produced water system. 
[6] 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.7: Process flow and equipment associated with 2nd stage separation [6] 
2.2.7  Condensate Stabilisation (De-Ethaniser) 
The purpose of the de-ethaniser is to remove ethane and lighter gases (mainly methane) from the condensate 
feed stream [6]. This occurs via a vertical stripping column. The “de-ethanised” bottoms liquid produced is 
subsequently split into three products; propane, butane and condensate by down-stream processes. Figure 2.8 
illustrates the general Process Flow Diagram for this process.  
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IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.8: Process flow and equipment associated with the fractionation plant (including de-ethaniser) [6] 
2.2.8  Flash Gas Compression 
The flash gas compression unit returns the low pressure flash gas removed from the 2nd stage separator and de-
ethaniser column to the high-pressure gas processing trains [6]. The process consists of 2 parallel trains, with 2-
stage compressors and inter-stage and discharging cooling for each train. In a similar fashion to the re-injection 
compressors, the flash gas compressors are driven by a 9MW gas turbine per train. Each compressor is provided 
with a suction scrubber to ensure liquid slugs do not form in the compressors. Figure 2.9 illustrates the basic 
Process Flow for flash gas compression. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.9: Process flow and equipment associated with flash gas compression [6] 
2.2.9  LPG Recovery (De-butaniser) 
A de-butaniser is provided to facilitate the recovery of the LPG’s (propane and butane) from the de-ethaniser 
bottoms  feed  stream  and  to  produce  a  stable  condensate  product  for  export  to  the  Floating  Storage  and 
Offloading (FSO) Vessel [6]. Essentially, this de-ethaniser functions as a regular distillation column with a reflux 
drum condenser and reboiler. The bottoms product is used to heat the feed stream as a means of reducing the 
required boiler load. The overheads product of the de-butaniser is condensed via a production cooler and 
accumulates in the reflux drum via gravity. The cooling medium of the production cooler is seawater. This unit 
process is illustrated in Figure 2.8. 
2.2.10  LPG Splitting 
A portion of the bottoms product of the de-butaniser reflux drum is consequently pumped to the LPG splitter 
unit via a heat exchanger. This LPG splitter functions to “split the LPG feed stream from the de-butaniser into 
sale quality propane and butane.” [6]. The configuration of the splitter is similar in nature to the de-butaniser, 
and as such operates as a regular distillation column, with a reflux drum condenser and a reboiler. The bottoms 
product is used to heat the feed stream as a means of reducing the required boiler load. The overheads product 
of  the  LPG  splitter  is  condensed  via  a  production  cooler  against  seawater.  The  product  subsequently 
accumulates in the reflex drum via gravity [6].  
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2.2.11  Propane desulphurization 
The propane produced by the LPG splitter is finally subject to desulphurization via the means of two molecular 
sieve vessels. These vessels facilitate the removal of hydrogen sulfide (H2S) from the propane product in order to 
meet sales specification requirements [6]. The molecular sieve units are regenerable adsorbent based, such that 
while one bed is on stream absorbing mode, the other can be simultaneously regenerated. The regeneration is 
subsequently discharged into the fuel gas system, where gas rich in H2S is burnt in the Flash Gas Compressor 
Turbines [6]. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.10: Process flow and equipment associated with propane desulphurization [6] 
2.2.12  Produced water treatment 
The  design  of  the  produced  water  treatment  aims  “to  dispose  of  the produced  water  associated  with  well 
production.” [6]. Water is produced as a by-product of 2nd stage separation, and is re-injected via a water disposal 
wellhead  (consisting  of  3  centrifugal  pumps).  If  the  re-injection  system  is  unavailable,  a  back-up  system 
incorporating surface treatment and overboard disposal is provided. This involves a produced water degasser (3-
phase separator) and produced water caisson pump [6]. Figure 2.11 illustrates a high-level flow of the produced 
water treatment process. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.11: Process and equipment associated with produced water treatment [6]  
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2.3  Bayu-Undan II – Topsides Tie-In Project 
The Bayu-Undan II Topsides Tie-In Project involves the development of the existing facility as a means of 
increasing hydrocarbon liquids and LNG production. The project will achieve this via the addition of several 
new  wellheads  and  their  associated  production  flow-lines.  The  proposed  production  flow-lines  are  to  be 
connected to their respective “Christmas tree” and will be “tied-in” (connected) to the production and test 
manifolds located on the existing facilities. The specific work scope for each platform is defined below. 
2.3.1  DPP Scope of Work 
The tie-in configuration on the DPP platform involves the following. 
§  Provision of one (1) flow-line for wellhead D13 
§  Provision of one (1) water disposal well, D16 
These flow-lines are to be from the wellhead to the flanges on the production and test manifolds with all valves 
and instrumentation connected to existing systems. 
 
The existing wellhead & flow-line configuration for the DPP Platform is as follows: 
§  Wellhead D08 is tied into the existing D08 flow-line. 
§  The D01 flow-line exists from the choke valve flange (the choke valve does not exist but will be 
available for start-up) to the production & test manifolds. 
§  The D01 flow-line from the (proposed) wellhead up to and including the choke valve does not exist and 
hence needs to be installed. 
 
The existing wellhead and flow-line configuration is illustrated in Figure 2.12. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.12: Existing DPP flow-line and wellhead tie-in configuration 
The tie-in project involves modification of the existing wellheads and flow-lines on the DPP platform as follows. 
§  The D08 wellhead is to be disconnected from the D08 flow-line tie-in point, and tied into the D01 flow-
line (part of which is to be installed). 
§  The new D13 wellhead is to be tied into the D08 flow-line tie-in point. 
§  The tie-in configuration of producing well D06 is to remain unchanged, although instrument tags of the 
secondary flow-line are to be re-assigned appropriate tag numbers. 
This configuration is illustrated in Figure 2.13.  
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IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.13: Proposed DPP flow-line and wellhead tie-in configuration 
2.3.2  WP1 Scope of Work 
The tie-in configuration on the WP1 platform involves the following. 
§  Provision of one flow-line for wellhead W06 
§  Provision of two flow-lines for wellhead W09 
§  Provision of two flow-lines for wellhead W13 
In order to achieve this, the following is proposed. 
§  Two new flow-lines and associated instruments to be procured and tied into new wellhead W09. The 
primary flow-line shall be tied into the production and test manifolds while the secondary line shall only 
be tied into the production manifold. 
§  Two new flow-lines and associated instruments to be procured and tied into new wellhead W13. The 
primary flow-line shall be tied into the production and test manifolds while the secondary line shall only 
be tied into the production manifold. 
§  One  new  flow-line  and  associated  instruments  to  be  procured  and  tied  into  wellhead  W06.  The 
secondary (existing) flow-line for W05 is to be disconnected from the W05 tie-line point, and tied into 
the new W06 wellhead for use as the secondary flow-line. This line is already tied into the test manifold. 
 
This configuration is provided diagrammatically in Figure 2.14. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 2.14: Proposed WP1 flow-line and wellhead tie-in configuration 
Inherent from the definition of this project, the scope of work only relates to the wellhead area of the facilities 
(wellhead through to the production manifold). 
2.3.3  Wellhead Operation 
Wellheads are used in offshore applications as a means to “provide the reservoir fluids from each well in a 
controlled manner to processing facilities” [16]. This occurs to ensure that in an emergency situation the “fuel” 
supply to the facility is discontinued, thus minimising additional risk. 
In order to provide isolation to the facility in the event of a shutdown or trip, wellheads supply the hydrocarbon 
gases and associated liquids to a “Christmas tree”, which consist of an arrangement of valves. The Christmas 
trees on the existing Bayu-Undan facilities consist of three automated (actuated) valves as follows.  
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§  Sub-Surface Safety Valve (SSSV), also sometimes referred to as a downhole valve [17]. As the name 
indicates, this valve is located below the water surface, and acts to provide emergency closure of the 
producing lines (conduits) in the event of an emergency [18]. These valves may be surface-controlled or 
sub-surfaced controlled. In this application they are surface-controlled such that a hydraulic line from 
the facility runs down to the valve. The actuator of sub-surface safety valves is always designed such that 
in the event of system failure and/or damage, the valve will close (fail-closed), thus isolating reservoir 
liquids & gases from the facility. Generally this valve is commanded to close at the most critical level of 
emergency shutdown, and only once the Hydraulic Master Valve and Hydraulic Wing Valve have been 
closed. 
§  Master Valve. This valve is the next source of isolation between the well and the processing facility. 
Typical Christmas trees feature a secondary, manually operated (as opposed to actuated), master valve, 
due to the critical service of this valve. [18] In a similar fashion to SSSVs, HMVs (Hydraulic Master 
Valves) are of fail closed design to ensure that should the operation of the valve itself fail, production of 
the well is ceased. As a general rule, when isolating the facility from the well, the Master Valve is closed 
after the Wing Valve. 
§  Wing Valve. A Wing Valve is located on the side of the Christmas tree and provides the final means of 
isolation between the well and the processing facility. [18]. Christmas trees typically contain two Wing 
Valves, known a “flowing” Wing Valve and a “kill” Wing Valve. A flowing Wing Valve is used “to 
control or isolate production” [18]. This is commonly an actuated valve, which in this application takes 
the form of a hydraulic actuator. The kill wing valve is fitted to the opposite side of the Christmas tree 
and is usually used for chemical injection purposes (such as methanol to prevent hydrate formation). 
[18] In the event where facility isolation is required, the actuated wing valve is the first of the Christmas 
tree valves to be closed. 
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3  Instrument SOW/Feasibility Study 
 
An Instrument Feasibility Study was undertaken as part of the internship in order to define the scope of work 
required by the instrument and control discipline during the implementation phase of the project. The following 
study only includes the scope of work for the DPP platform. A study similar in nature was also undertaken for 
the WP1 platform however, this has not been included as part of this report. 
3.1  Design Philosophy 
The design philosophy for the instrument scope of work (SOW) is to specify all instrumentation in accordance 
with existing flow-line and wellhead instrumentation. If possible, all instrumentation shall be identical to that of 
existing flow-lines and wellheads in order to maintain consistency. Where this is not possible all deviations in 
instrument specifications shall be analysed and accepted, or otherwise, on a case-by-case basis. 
3.2  Instrument Re-Tagging 
As  a  result  of  the  D13  to  D08  and  D08  to  D01  tie-in  configuration,  as  defined  in  Section  2.3.1,  all 
instrumentation associated with flow-lines D01, D08 and D06 secondary will require re-tagging to maintain 
consistency of the tagging convention adopted for existing wells. This will involve the following. 
§  Tag numbers of all instruments on the existing D08 flow-line to be re-tagged with D13 identifiers. 
§  Tag numbers of all instruments on the existing D01 flow-line to be re-tagged with D08 identifiers. 
§  Tag numbers of all instruments on the existing D06 dual flow-line to be re-tagged according to the dual 
flow-line  tagging  conventions  used  on  existing  wells  (existing  D06  dual  flow-line  instruments  are 
currently tagged with D13 identifiers. 
Instruments affected by these changes are as follows: 
§  Pressure transmitters associated with existing D01, D08, and D06 secondary flow-lines. 
§  Temperature transmitters, temperature elements and thermowells associated with existing D01, D08 and 
D06 secondary flow-lines. 
§  Actuated  on/off  valves  including  any  associated  solenoids,  position  transmitters,  limit  switches, 
indicators, and any other instrumentation associated with these valves on D01, D08 and D06 secondary 
flow-lines. 
§  Choke control valves including any associated valve positioners, position transmitters, limit switches, 
indicators, and any other instrument associated with these valves on D01, D08 and D06 secondary flow-
lines. 
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The tag number changes exclude all instrumentation directly associated with all wellheads as defined by the 
drilling SOW. This includes Annulus Pressure Gauges/Transmitters, and Transmitters. Wellhead Control Panel 
solenoids will thus not need to be retagged with the exception of one (refer to Section 3.3). Proposed changes to 
the instrument tags are identified in the DPP Instrument Index (Part) reference Appendix I. For confidentiality 
purposes however, the tag numbers themselves have not been disclosed. 
3.3  Wellhead  Control  Panel  (WHCP)  &  Hydraulic  Valve  Control  Panel 
(HVCP) 
3.3.1  Purpose & Background 
The environmental philosophy of the Bayu-Undan facilities does not allow the use of a high-pressure pneumatic 
system due to the venting requirements such a system would require. As an alternative, the actuation of all 
existing  automatic  shutdown  valves  occurs  via  a  hydraulic  system.  The  system  utilises  fluid  which  is  20% 
biodegradable in 28 days and completely biodegradable over time. Additionally, the fluid has extremely low 
toxicity, and as such meets the environmental requirements of the project. [19] 
 
The actuation of the shutdown valves occurs at the hydraulic control system skid, where all hydraulic actuators 
are connected back to via hydraulic tubing. This skid consists of the following on both the DPP and WP1 
platforms. 
§  Hydraulic Power Unit (HPU) 
§  Wellhead Control Panel (WHCP) 
§  Hydraulic Valve Control Panel (HVCP) 
[19] 
These systems serve the following purposes: 
§  To generate and distribute hydraulic power to the platform wellhead valves via the Wellhead Control 
Panel. 
§  To distribute medium and low-pressure hydraulic fluid to the actuated on/off valves and control valves. 
 
As such, the Wellhead Control Panel provides hydraulic fluid to the Sub-Surface Safety Valve (SSSV), Hydraulic 
Master Valve (HMV), and Hydraulic Wing Valve (HWV) on each wellhead. The Hydraulic Valve Control Panel 
(HVCP) provides hydraulic fluid to the test and production manifold diverter valves, in addition to on/off valves 
used for chemical injection into the wellhead or flow-line where required. The DPP and WP1 platforms have 
their own individual hydraulic control skids. 
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Each panel (WHCP and HVCP) consists of several sliding spool valve solenoids. Each solenoid is dedicated to 
the supply of hydraulic fluid to one actuator. An exception is made for solenoids used to open/close scale 
inhibitor service valve actuators, where one solenoid is generally used to supply fluid to two actuators. These 
solenoids are 3-port, 2-position or 5-port, 2-position as required. The solenoids operate from a 24VDC supply. 
 
A block diagram of the hydraulic control system is provided in Figure 3.1. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 3.1: Hydraulic Control System Block Diagram [19] 
3.3.1.1  Work Scope 
The D13 to D08 tie-in configuration will require the following modifications to the wellhead control panel. 
§  An additional solenoid to be installed in a spare slot and suitably cabled back to the control/shutdown 
system. This will require the hydraulic piping from the secondary HMV of wellhead D06 to be modified 
at the WHCP such that it is fitted to the new solenoid. 
§  The HWV tubing at the D13 bulkhead connection point to be reconnected to the HWV solenoid of 
wellhead D13. 
3.3.2  Instrument Cabling 
All instruments requiring re-tagging according to the DPP Instrument Index, reference Appendix I, are to have 
their  associated  cables  re-ferruled  with  the  new  tag  numbers  in  their  respective  junction  boxes  and  in  the 
marshalling cabinets in the Field Equipment Room (FER). 
3.3.3  Instrument Nameplates 
Instrument nameplate information for all instruments to be retagged according to the DPP Instrument Index, 
reference Appendix I, will need to be modified to indicate the new tag numbers. This shall conform to the client 
requirements/standard for nameplates. 
3.3.4  Control & Shutdown Systems 
All modifications required to the configuration of the DCS and ESD systems are defined in Section 5 of this 
report. 
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4  Control Systems Background 
 
As  a  precursor  to  the  definition  of  the  control  &  shutdown  systems  vendor  Scope  of  Work  (SOW),  the 
specification of these systems was reviewed. This chapter presents a broad overview of the specifications of the 
DCS (Distributed Control System) and PSS (Platform Safety System; comprised of both the Emergency/Process 
Shutdown  System  and  Fire  and  Gas  Systems).  Specifications  of  the systems  are  presented  in  terms  of the 
hardware comprising the system across the two facilities, the unmanned Wellhead Production Platform (WP1) 
and CPP (comprising the CUQ and DPP platforms). 
 
The hardware architecture of the DCS and PSS systems is presented in block diagram form in Figure 4.1. This 
diagrams forms a constant point of reference for the hardware specification of the control system distributed 
over the Bayu-Undan facilities. 
4.1  Objective 
The primary objective of the Distributed Control and Platform Safety Systems, utilised across the Bayu-Undan 
facilities, is to provide efficient monitoring, control, and the ability to shutdown the process and associated 
facilities in a safe manner. The central point of control and monitoring for all facilities (excluding the FSO) 
occurs within the Central Control Room (CCR), located on the Compression, Utilities and Quarters (CUQ) 
platform. Operator stations are also located remotely on the DPP and WP1 platforms for local operator control 
as required. 
[20] 
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Figure 4.1: Control System Architecture Block Diagram, distributed across CUQ, DPP and WP1 platforms [20]  
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4.2  System Functionality 
The DCS provides the monitoring and regulatory control of the processes and utilities associated with the 
facilities. Additionally, the DCS serves to provide the communication ‘backbone’ to sub-systems such as the PSS, 
and a link to all facilities. As such, an inherently ‘open architecture’ design has been adopted. This allows the 
DCS and PSS to interface to one another, while still operating essentially autonomously. 
[20] 
As previously mentioned, the PSS is comprised of both the Emergency/Process Shutdown (ESD/PSD) and Fire 
&  Gas  (F&G)  monitoring/functions  on  both  the  CPP  and  WP1 facilities. It  operates such  that  it  is  both 
automatic and autonomous (independent) to the DCS. Despite the independent operation of the hardware itself 
to provide adequate levels of protection, the DCS and PSS are integrated from the perspective of the operator 
(user interface). The philosophy behind this integration is to reduce possible confusion and thus to optimize 
operator efficiency.  
4.3  Data Communications 
Due to the distributed geography of the Bayu-Undan facilities, the DCS and PSS provide a means to transfer 
process data between each of the facilities/locations. This transfer is “typically required for control monitoring 
and shutdown functions, production and offload reporting, field performance analyses and remote maintenance 
diagnostics” [20]. 
 
The telecommunications systems used to integrate and transfer data between the facilities includes the following. 
§  A Data Highway 
§  A PSS Data Bus 
§  A Control System LAN 
§  A General Facilities LAN 
[20] 
The purpose and basic functionality of each of these systems is outlined in the following sections. 
4.3.1  Data Highway 
The purpose of the data highway is to provide the transfer of process control information between the DCS and 
PSS subsystems across all facilities in a highly secure manner. Data transferred via the data highway is inclusive 
of the following. 
§  Monitoring and control of all process and safety system data from the Central Control Room operator 
stations.  
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§  Peer-to-peer communications of DCS data linking the facilities. 
§  Transfer of various process data from the DCS and PSS subsystems to the Real-Time Information 
System (Further detail in Section 4.6) 
§  Time synchronization of systems within each facility 
[20] 
The data highway connecting the DCS/PSS from the DPP to the CUQ platform takes the form of a multi-mode 
fibre optical cable (FO). While multi-mode cable is generally limited to short distances, this is sufficient for the 
interconnection of the DPP and CUQ facilities, which occurs over a short distance. Due to the geographical 
isolation of the CPP and WP1 facilities (via water) a hardwired link is not practical for the transfer of data 
between the two. As such, the transfer medium takes the form of a microwave telecommunications system. 
 
Both fibre optical and microwave communication mediums are provided with dual redundancy as illustrated in 
Figure 4.1. As such, communication can still occur between the respective platforms in the case that one link 
becomes unserviceable. The microwave communication link for one data highway between the CUQ and WP1 
platforms is actually provided with triple redundancy in the form of a stand-alone UHF radio system. 
4.3.2  PSS Data Bus 
The PSS Data Bus facilitates the transfer of safety system information between the PSS located on each of the 
facilities in a secure manner. This generally encompasses non-critical parameters in the F&G and ESD systems 
such as unit shutdowns and resets. 
 
The PSS Data Bus transfers data between the DPP and CUQ platform via a dual redundant multi-mode fibre 
optical cable. The bus is extended from the CUQ to WP1 via dual redundant microwave hardware, in a similar 
fashion to that of the data highway. 
4.3.3  Control System LAN 
As illustrated in Figure 4.1, a Control System Local Area Network (LAN) is interconnected between all Bayu-
Undan facilities. This LAN functions to provide secure access to control system information that includes, but is 
not limited to the following. 
§  Process data/graphics for display on remote PC based operator stations. 
§  Display graphics on operator screens. 
§  Access to Control room prints. 
§  Condition monitoring system interface. 
§  CCTV interface.  
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§  System maintenance data. 
§  Operator training system interface. 
§  Retrieval of historical data. 
§  Production reporting. 
 
As  such  the  control  system  LAN  is  limited  to  the  transfer  of  data  which  is  not  control  related.  All 
data/information directly related to the DCS or PSS is transferred via the data highway. 
 
In a similar method to the data highway, the data control system LAN is interconnected between the DPP and 
CUQ platforms via a multi-mode fibre optical cable (with dual redundancy). Communications between the CPP 
and WP1 platforms occurs via the means of a microwave telecommunication system. 
4.3.4  General Facilities LAN 
A general facility LAN is provided as a means to access process data for the purposes of analysis and reporting, 
in addition to all DCS/PSS diagnostic data. This LAN allows historical and real time process data to be extracted 
from any of the facilities. Access of this data from the Real Time Information System utilises Dynamic Data 
Exchange (DDE) and Object Linking and Embedded (OLE) interface methods, and also complies with the 
Open Data Base Connectivity (ODBC) model. 
 
DDE and OLE are interfaces between software applications which “allow individual software components to 
exchange data appearing to the user as a single homogenous application.” [21] These interfaces are required due 
to the proprietary nature of the DCS software. In proprietary systems the software cannot be changed and 
hardware and database access is difficult. As interface methods, DDE and OLE allow users flexibility in the 
software  they  chose  and  the  ability  to  add  new  applications  for  statistics,  advanced  control  or  other  data 
processing  [21].  For  the  purposes  of  the  report  these  methods  are  not  discussed  further,  however  more 
information is available, for example, from references such as Liptak [21]. 
4.4  External Equipment Connectivity 
The DCS is provided with the facility to interface with other microprocessor-based PLC systems via serial links. 
These links are primarily used for the transfer of status, alarm and analog values. Serial connections are also 
utilised for some control functions, such as the motor control centre (MCC). These links are however not used 
for any safety functions, which require hardwiring of the equipment. 
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The protocols utilised over these serial links are standardised Modbus RTU or Allen Bradley DF1, each ‘block’ 
of external equipment being standardised to one of these. The Modbus RTU protocol occurs over RS-485 
communications while the Allen Bradley DF1 protocol occurs over RS-422A. Details of these protocols are not 
explored in this report. 
4.5  Instrument Maintenance System 
An Instrument maintenance system is provided to “modify configurations, access diagnostics, perform valve 
tests and store historical maintenance data for every HART based instrument on the DCS and PSS.” [20]. The 
system takes the form of desktop computers on the CPP facilities and a notebook PC on the WP1 platform in 
order to minimise space requirements. Communication occurs between these computers and the HART field 
instruments via a number of multiplexers located within the field termination cabinets [20]. In a general sense, 
multiplexers allow the transfer of signals from multiple sources over a single pair of wires [21]. 
 
The application software for the maintenance system includes (but is not limited to): 
§  HART based transmitters (DCS and PSS) 
§  HART based valve positioners 
§  PSS application programs 
[20] 
4.6  Real Time Information System 
Another component of the DCS and PPS architecture of interest is the Real Time Information System. This 
system facilitates a common point for capturing real-time data, historisation and the retrieval of process data. It 
allows every process variable in the DCS and PSS systems to be stored as time-tagged history files, inclusive of 
serial link data from external PLC-based packages/systems [20]. This data is accessible to the CCR operators, 
operations headquarters and General Facilities LAN users. 
4.7  Distributed Control System (DCS) 
4.7.1  I/O Types 
The existing Distributed Control System for the Bayu-Undan facilities has been provided with the following I/O 
types. 
INFORMATION REMOVED FOR CONFIDENTIALITY PURPOSES  
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4.7.2  Processors 
The DCS processors are used to provide the following functionalities: 
§  Data Acquisition 
§  Regulatory and Sequence Control 
§  Advanced Process Control 
§  Serial Link Interfacing 
§  Algebraic Calculations 
§  Standard Flow Calculations 
All DCS processor scan rates are configured to less than 0.5 seconds (i.e. greater than 2Hz). In instances where a 
particular system/processing unit requires the use of several processors, the interaction between the processors 
is  minimised  in  terms  of  segregation  of  I/O  to  their  respective  processors,  and  the  processor  functions 
themselves. Where communications between processors is required the redundant DCS data bus is used. 
4.8  Platform Safety System (PSS) 
As previously mentioned, the PSS consists of the ESD and F&G systems. The I/O and processing details are 
listed below. 
4.8.1  I/O Types 
The PSS on the Bayu-Undan Facilities has been provided with the following I/O types. 
 
ESD/PSD I/O 
INFORMATION REMOVED FOR CONFIDENTIALITY PURPOSES 
 
F&G I/O 
INFORMATION REMOVED FOR CONFIDENTIALITY PURPOSES 
 
4.8.2  Processors 
All processors for the platform PSS (ESD and F&G) are provided with dual redundancy such that a process or 
unit shutdown can still occur, if required, in the event of failure of a single processor. 
 
The processors are used to provide all emergency, process and unit shutdowns and F&G monitoring and control 
function. All PSS processors are configured to function autonomously such that they do not require the DCS or 
other PSS processors. The functionality/performance of the processors is designed to retain integrity in the  
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scenario of power loss for extended periods of time. Effective I/O and processor scan times are set to less than 
0.25 seconds and the total loop time is less than 0.5 seconds (greater than 2Hz). 
 
In instances where a particular system/processing unit requires the use of several processors, the interaction 
between the processors is minimised in terms of segregation of I/O to their respective processors, and the 
process or functions themselves. Where communications between processors is required the redundant PSS data 
bus is used.  
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4.8.3  Shutdown Philosophy 
An overview of the process shutdown philosophy, as referenced from [20], is provided in Table 4.1. 
TABLE REMOVED FOR CONFIDENTIALITY PURPOSES 
Table 4.1: Platform Safety System Shutdown Levels [20] 
The shutdown levels are listed in order of most severe (Total Shutdown), to least severe (Unit shutdowns). 
Depending upon trip statuses and process variable values in other areas of the facility, the level of shutdown may 
escalate. This is due to the knock-on effect one shutdown may have to the processes on other facilities. As such, 
inter-tripping connections between facilities are used where required. 
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5  DCS/ESD Vendor Scope of Work 
 
The Distributed Control System (DCS) and Emergency Shutdown (ESD) System scope of work was undertaken 
and issued to essentially define the requirements of the DCS/ESD Vendor to configure the existing systems, or 
upgrade the system and integrate into the existing as necessary/appropriate. The modification/configuration 
required has been identified on the DPP and WP1 platforms individually. While the DCS and ESD systems are 
essentially autonomous, they are referred to in a combined manner as a single vendor shall configure the systems 
as required. The following chapter details the requirements of the control and shutdown systems vendor in order 
to accommodate the flow-line tie-in option to be undertaken on the DPP platform. Where necessary, details 
have been expanded upon for the purposes of this report, such as the required functionality of the logic to be 
implemented within the respective systems. Note that this only outlines the scope of work for the DPP platform, 
and does not encompass the WP1 platform, due to the reasonably similar (and hence repetitive) nature of the 
requirements.  
5.1  Scope of Specification 
The following specification defines the required functionality of the DCS and ESD instrumentation and systems 
on DPP for the Bayu-Undan Phase II project, where this is not self-evident from the P&IDs or other project 
documentation. 
 
The  purpose  of  this  specification  is  to  provide  the  control  systems  supplier,  who  is  responsible  for  the 
configuration and programming of all elements of the DCS and ESD systems, with an unambiguous explanation 
of the functional requirements for the various loops associated with the wellhead tie-in on the DPP platform. 
The Scope of Work for the vendor shall be outlined in terms of the required configuration of the DCS and ESD 
systems for the project. 
 
This document also encompasses the requirements of providing inter-panel (patch/fly) wiring with the Control 
System  cabinets.  Inter-panel  wiring  is  used  to  connect  the  instrument  I/Os  terminated  in  the  marshalling 
cabinets to the I/O modules of their respective systems. All modifications shall be implemented in a manner 
which maintains consistency and conformity with the existing installation. 
5.2  Scope of Installation/Configuration 
a)  Designing and/or modifying, as necessary, all DCS/ESD logic associated with: 
i)  D13 & D08 wellheads, and associated flow-lines D08 & D01 respectively.  
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ii)  Produced water re-injection wellhead D16, and its associated flow-line. 
b)  Designing and/or modifying DCS/ESD soft tags for instrumentation as follows: 
i)  Allocating existing D08 flow-line instrument soft tag as D13, such that the D08 flow-line instruments 
are associated with wellhead D13. 
ii)  Allocating existing D01 flow-line instrument soft tags as D08, such that the D01 flow-line instruments 
are associated with wellhead D08. 
iii)  Allocating existing D13 flow-line soft tags (existing are using dual line D06 instruments), as secondary 
D06, such that the D06 dual flow-line instruments remain associated with wellhead D06. 
iv)  Designing and/or modifying, as necessary, DCS/ESD soft tags for instrumentation associated with 
produced water re-injection wellhead D16 and its associated “flow-line”. 
c)  Configuring and/or modifying, as necessary, the following HMI operator screens: 
i)  Wellhead  D13  and  its  associated  flow-line  (existing  D08  flow-line),  ensuring  that  all  processing 
conditions, alarms, operator controls etc., are assigned as the D13 instrumentation and equipment. 
ii)  Wellhead D08 and its associated flow-line (existing D01 flow-line), ensuring that all process conditions, 
alarms, operator conditions etc are assigned as the D08 instrumentation and equipment. 
iii)  Produced  water  re-injection  wellhead  D16,  ensuring  that  all  process  conditions,  alarms,  operator 
conditions etc are configured to the correct instruments, as outlined in the instrument I/O schedules, 
Appendix II. 
d)  Supply and installation of patch (inter-panel) wiring and accessories to the construction company for DCS 
and ESD cabinet wiring of new instruments required for this upgrade, in accordance with the instrument 
I/O schedules, Appendix II. 
e)  Carry out loop testing with the assistance of the construction company. 
f)  Carry out commissioning with the assistance of the construction company. 
5.3  Required DCS & ESD Functionality 
The configuration of the DCS and ESD systems as identified above for the DPP platform is required to achieve, 
but not be limited to, the following functionality.  
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5.3.1  Wellhead & SSSV Valve Sequencing 
As outlined in Section 2.3.3, each wellhead consists of a Sub-Surface Safety valve (SSSV), a Hydraulic Master 
Valve (HMV), and a Hydraulic Wing Valve (HWV). When “shutting in” a production well, the sequence of 
closing these valves shall be programmed as follows. 
1.  Hydraulically actuated Wing Valve (HWV) 
2.  Hydraulically actuated Master Valve (HMV) 
3.  Sub-surface Safety Valve (SSSV) 
[8] 
As such, the well is “shut in” from the flow-line to the SSSV. The functionality of the logic shall incorporate a 
preset time delay between the closing of each valve. This time delay shall become effective from when the 
previous valve was closed. The status of the SSSV position (i.e. open or closed) shall be inferred in the ESD 
system from the pressure transmitter located on the hydraulic supply line to this valve. The position of the HMV 
and HWVs shall be inferred from the position/state of the respective solenoid valves [8]. While the actuators of 
these valves do have limit switches, they are not considered adequately reliable for interlocking purposes within 
the ESD system. This closing sequence shall be maintained in all forms of well shut-in, including ESD trips. 
 
Upon opening the wellhead again, the HMV can only be opened if the HWV is open. Likewise, the HWV can 
only be opened when the flow-line choke valve position is less than 5% open. 
 
The status of these valves may be toggled via push-buttons located on the wellhead control panel (Refer to 
Section 3.3), or via operator action from the DCS (control room). However, opening the SSSV and HMV shall 
only be possible from the wellhead control panel, and not the operator via the DCS [8]. 
 
If the ESD system results in a trip (closure) of any wellhead valve, this status must then be reset via a reset 
button located on the wellhead control panel. As such, this status is unable to be reset by the operator from the 
control room. An exception is made for the HWV, which is subject to trip from the PSD system. If a trip occurs 
this valve can be reset from the control room. The reset buttons are of momentary action (and normally open). 
As such, the logic shall allow for a latching circuit for each valve, the latching of which shall be reset upon any 
other signal received to close the respective valve. 
 
The limit switches mounted on the valve/actuator assemblies shall be used to provide the status of the valve 
position to local status lights, driven by the PSS. The local status lights for the SSSV position shall, however, be 
inferred from the pressure transmitter located on the hydraulic supply line to this valve, the same configuration  
 
 
 
ENG450 Engineering Internship    DCS/ESD Vendor Scope of Work  33
used to drive the SSSV for interlocking purposes. The “analog” value of the pressure shall be converted to a 
binary (open or closed vale) via the following rule: 
INFORMATION REMOVED FOR CONFIDENTIALITY PURPOSES 
 
For values of supply pressure between these two figures, the valve status shall be the last known position. For 
example, if the valve is closed, and a signal is sent to the solenoid to open the valve via the ESD system, the 
valve status becomes open when the supply pressure increases above 468 barg. Likewise, if the valve is open, and 
a signal is sent to the solenoid to close the valve via the ESD system, the valve status becomes open when the 
supply pressure drops below 52 barg. 
5.3.2  Choke Valve DCS & ESD functionality 
The flow-line choke valves (refer to Section 6.1 for more details) are driven by 3-phase, 50Hz, electric actuators. 
The actuator assembly for each valve features a valve positioner, which receives an analog input signal, and a 
position  transmitter,  which  produces  an  analog  output  signal.  No  algorithm  to  position  the  valve  shall  be 
required as this is executed internally by the positioner itself. 
 
Logic shall be implemented such that an actuation failure alarm is activated in the event that a deviation between 
the commanded and actual (as read from the position transmitter) of more than 5% should exist for a period of 
more than 70 seconds. This maximum deviation shall be configurable by the operator [8]. The nominal speed of 
actuation occurs at 1.6% per second. As such, the largest step in valve position is approximately 62 seconds. A 
time delay of 70 seconds before the actuation alarm becomes active thus allows for a slight deviation in the 
instance where the valve is commanded from the fully closed to fully open position or vice versa. 
 
In the circumstance that the Wing Valve is commanded to close, via a PSD trip or otherwise, the DCS shall be 
configured such that the choke valve actuator is driven to the closed position. This shall occur via the interface 
between the DCS and ESD systems.  
5.3.2.1  Well cut-back controller 
The  occurrence  of  some  events,  such  as  the  trip  of  an  export  compressor  or  cold  train,  can  result  in  a 
disturbance to the mass balance of the plant as a whole. In order to maintain this balance in the occurrence of 
such an event, it is required to reduce the input to the process (i.e. supply of wellhead natural gas and associated 
liquids). Consequently the pressure profile of all critical unit operations shall be maintained within their operating 
limits. This shall be achieved via the means of a “well cut-back controller”. Reducing production via such means 
prevents unnecessary flaring from occurring. 
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The final control elements which this multi-variable cut-back controller shall act upon are the choke control 
valves. When a trip has occurred downstream (calling for a reduction in input mass inventories), the cut-back 
controller functions to gradually reduce the opening of the choke valves on each respective wellhead flow-line.  
 
The block diagram of the multi-variable well cut-back controller is illustrated below in Figure 5.1. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 5.1: Well Cut-Back Controller Block Diagram [8] 
The  indicated  process  variable  inputs  shall  allow  the  controller  to  take  action  (begin  to  cut  back  the  well 
production) when any one of these signals increases above a preset threshold value. The operator shall be 
provided with the ability to enable or disable any one of these process variable inputs, as indicated by the check 
boxes in Figure 5.1. For example, if the operator is to disable the pressure signal from the 2nd stage separator the 
controller will take no action on the choke valve even in this situation where the signal produced from the a 
pressure transmitter exceeds the trip value. The controller itself shall also be provided with the ability to be 
disabled, such that any trip/condition which would normally result in cut-back action would not occur [8]. 
 
If the value of any of the process variable inputs to the controller exceeds the set threshold value, a latch shall be 
set within the controller. This latch shall only be reset when the process variable decreases below another defined 
(for each signal) threshold value or, as previously mentioned, by disabling the controller itself. 
 
As a means to avoid well cut-back for short-term deviations in a pressure signal, each of these latches shall also 
incorporate a timer such that the latch can only be set and the controller activated if the pressure exceeds the 
activation threshold for more than 15 seconds. As the liquid level process variable of the production separator is 
generally not subject to such rapid deviations, no timer shall be required for latching to occur from this input [8]. 
 
The cut-back signals produced by the controller when activated shall be sent to the actuator of each choke valve 
to begin the cut-back process. The output of the controller sends a signal to close each actuator in a series of 
steps. The magnitude of the step as well as the time period between each step occurring shall be specified by the 
operator, and are hence operating parameters of the controller. The magnitude of the step shall be a percentage 
of initial value opening existing at the instant of initiation of the well cut-back [8]. For example, if a choke valve 
is operating at 60% opening when the cut-back controller takes effect, and the nominated step magnitude has 
been selected by the operator as 10%, then each closure step will result in a 6% reduction of the choke opening 
relative to the initial 60% value (i.e. 10% of 60%.). As such, each valve shall close by equal amounts relative to  
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one another. Should cut-back continue until complete closure then each choke valve will be driven completely 
closed at the same moment. 
 
The choke closure step sequence is illustrated by Figure 5.2, where the pink represents the actuator signal and 
the blue represents the position of the choke in terms of percentage open. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 5.2: Choke Closure Step Sequence [8] 
The output of the controller is such that it can only close the choke, and not open it. Opening of the choke valve 
can only be achieved if the cut-back controller latch is reset or if the controller is overridden by the operator. 
5.3.3  Well Production Metering 
Each wellhead graphic screen shall include a flow-rate which is inferred from the test data obtained from each 
well. This data is obtained from the test separator (refer to Section 2.2.1). The calculated flow-rate is also a 
function of the gauge pressure measure at a point between the Master Valve and Wing Valves of the wellhead. 
“This relationship shall be based on a curve fit approximation of the measured flowing pressure test flow rate, 
multiplied by the binary state of the relevant valves (to ensure readings of 0 when valves are closed).” [8]. 
 
The relationship derived to infer the flow-rate is as follows. 
EQUATION REMOVED FOR CONFIDENTIALITY PURPOSES 
Equation 5.1: Polynomial used to derive the mass flow-rate from the pressure [8] 
In Equation 5.1 above, K1, K2 and K3 are curve fit parameters which are based on the last valid well test curve 
fit. 
5.3.4  Diverter Valves 
The typical flow-line arrangement is such that two hydraulically actuated shutdown valves exist downstream of 
the choke valve. These two valves are used to divert the flow of well fluids and gases to either the production 
manifold or test manifold as required. Each production flow-line is tied into the test and production manifolds 
(with the exception of some secondary flow-lines which are only tied into the production manifold). In “normal” 
operation, the contents of each well are diverted into the production manifold where they then flow to the 
production separator for primary separation to occur. The test manifold allows the contents of any well to be 
diverted into the test separator. However, the functionality shall be such that only one flow-line at a time is able  
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to divert its contents into the test separator. This ensures that the test separator functions within its operating 
constraints and furthermore that the contents of the test separator are only from one well at a time. 
 
Both production and test diverter valves are operated by the DCS. An interlock shall be used to ensure that a 
maximum of one test manifold diverter valve can be opened at a time. As previously stated, this ensures that the 
test separator only ever receives from one production well. This interlock shall be implemented via the means of 
a counter. This counter shall continuously contain the total number of test manifold diverter valves which are 
open.  This  includes  valves  which  are  confirmed  as  open  from  the  status  within  the  DCS  (e.g.  from  limit 
switches), or have been commanded to open through the DCS. 
In order to open a test manifold diverter valve, either of the following two conditions must be fulfilled: 
1.  The test separator inlet valve must be in “commanded to close and confirmed closed” state, OR 
2.  The value of the aforementioned counter must be zero (i.e. no other production wells of either type may 
be open.)  
This imposes a maximum of one well to flow to the test separator while allowing multiple wells to the test 
manifold if the separator valve is not open. 
[8] 
When it is desired to divert the well contents to the test separator it is necessary to allow the production diverter 
valve to remain in the open position. This avoids the need to stop the flow of the well. The production manifold 
diverter valve shall be closed by the operator once the test valve is in the confirmed open position. An alarm 
shall be provided to alert the operator if both valves for any one well are not closed or the position feedback is 
faulty simultaneously for more than five minutes. 
5.4  Instrument Indexes & DCS/ESD I/O Schedules 
5.4.1  Instrument Indexes 
Instrument Indexes contain information relating to each individual instrument specified for a project and/or 
facility such as the following fields. 
§  The “service” of the instrument 
§  The area of the platform which the instrument is located 
§  The Piping & Instrumentation Diagram (P&ID) associated with the particular instrument 
§  The datasheet number of the instrument 
§  The  type  of  instrument;  e.g.  whether  it’s  a  pressure  transmitter,  temperature  transmitter,  level 
transmitter, solenoid valve, limit switch, valve positioner, etc. 
§  The manufacturer and model number of the instrument.  
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§  The required calibration. 
§  An extensive list of drawing and documents numbers associated with each particular instrument. 
 
During the construction/commissioning phase of the project these indexes shall be used as a formal reference to 
ensure that the required instruments are re-tagged as per the client’s decision regarding the aforementioned tie-in 
proposal. 
 
Instrument indexes for both the DPP and WP1 platforms have been issued for several revisions as one of the 
tasks undertaken. An example Instrument Index is provided in Appendix I for reference. 
5.4.2  DCS and ESD I/O Schedules 
Control  System  (DCS)  and  Emergency  Shutdown  (ESD)  System  schedules  provide  a  list  of  instruments 
connected back to the relevant systems (some instruments are dedicated for the use of the DCS or ESD system, 
or in some cases both). Essentially this list provides a supplement to the Control & Shutdown Systems Vendor 
Scope of Work. These indexes provide the vendor with a list of “soft tags” (instrument tags within the DCS or 
ESD system) which require assigning or modifying to accommodate the flow-line tie-in configuration on WP1 
and DPP. 
 
The schedules provide information for each instrument including the following fields: 
§  The system that the instrument is dedicated to (DCS or ESD). 
§  The I/O type; Analog Input, Analog Output, Digital Input or Digital Output (from the perspective of 
the system, not the instrument). 
§  The hazardous area certification of the instrument; the code which indicates whether the instrument 
itself is intrinsically safe, explosion proof, etc., and to what degree (zone and temperature rating). This 
information is useful when allocating particular I/O to junction boxes in order to allocate IS signals to 
separate junction boxes to non-IS signals. 
§  Device output/input; depending on whether the instrument requires a signal (input) or delivers a signal 
(output). Also, the form of this signal, e.g. 4-20mA in the case of analog signal or 24VDC in the case of 
a digital signal. 
§  Communications  protocol;  if  the  instrument  is  a  SMART  device  the  respective  communications 
protocol is listed, e.g. HART. 
§  Device Power Source; either “loop” powered or requiring an external power source. 
  
 
 
 
ENG450 Engineering Internship    DCS/ESD Vendor Scope of Work  38
I/O schedules for both the DCS and ESD systems (for both the DPP and WP1 platforms) have been issued for 
several revisions for this project. These shall continue to be revised as necessary into the Front-End Engineering 
Design (FEED) and Detailed Design phases of the project, before being issued for construction. Refer to 
Appendix II for an example of these schedules. 
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6  Instrument Specification & Procurement 
 
This chapter outlines activities undertaken as part of the specification and procurement of instruments associated 
with the project. Where possible, background information is provided to demonstrate an understanding of the 
instrument components and functionality. An appreciation of the required deliverables for these activities was 
obtained, and familiarity of the content of these activities was developed. 
 
Instrument specification and procurement activities are undertaken during the pre-award stage of a particular 
instrument  package.  This  generally  occurs  during  the  Front-End  Engineering  Design  (FEED)  or  Detailed 
Design phases of the project cycle. For the project concerned, Bayu-Undan II, specification and procurement 
deliverables were issued for long-lead instrument packages during the “Pre-FEED” phase of the project cycle. 
Long-lead instruments are those items which, due to the specialist manufacture of the instruments, have a 
delivery time (from when the time the purchase order is placed) in excess of 15 weeks. The timeline of this 
project dictated the need for these activities to occur in the Pre-FEED phase. The two instrument packages 
which fall into this category for the Bayu-Undan II project are choke control valves and actuated on/off valves. 
Subsequently, all specification and procurement deliverables completed and referred to in this chapter concern 
these packages. 
6.1  Choke Control Valves 
One method employed to control the production rate of a well is to use a special form of control valve, known 
as a choke control valve. The rate of production is controlled by building up back pressure at the well head [22]. 
The primary purpose of a choke valve is to “provide control of the flow of a fluid or fluid mixture across a 
defined pressure drop.” [23] 
 
Choke valves have an angle type body design (i.e. the inlet and outlet flow occur at right-angles to one another). 
This angle design allows choke valves to be “installed in services that have a natural upward flow, such as in 
crude oil or natural gas applications.” [24] 
 
Choke valves derive their name from a condition known as choked flow. In conventional control valves the 
volumetric flow-rate through the valve is a function of the pressure drop over the valve. In general this is a linear 
relationship  such  that  as  the  pressure  over  the  valve  increases,  the  volumetric  flow-rate  through  the  valve 
increases  (also  a  function of  the  specific  gravity/density  of  the  medium).  In  general  service  control  valves 
however (such as plug and disc configuration), this only occurs up to a certain pressure drop, at which the flow- 
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rate reaches a maximum and becomes independent of the pressure drop over the valve. This relationship is 
illustrated in Figure 6.1. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 6.1: Maximum flow-rate occurring due to choked conditions [24] 
The use of a choke control valve ideally mitigates this effect by providing a (reasonably) linear relationship 
between the flow-rate for a given pressure drop which, for choke valves, is also independent of the viscosity of 
the medium. As such, in high pressure applications such as wellheads it is able to control the flow of well fluids 
and gases with more accuracy than a general service control valve. The angle design of the valve also features as 
an  advantage  over  general  service  control  valves  in  high-velocity  applications  as  erosion  of  the  valve  trim 
(internal, process wetted components) is reduced by the configuration of the ports on most choke valves. An 
opposed-port configuration, as illustrated in Figure 6.2, allows the process fluid/gas to enter from all angles of 
the cage, and the resultant high velocity jetting is “directed to collide in the centre of the cylindrical cage, 
dissipating the most erosive energy away from downstream components.” [23]. This is not the case with general 
plug and disc designs where the trim design components are subject to significant levels of erosion. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 6.2: Trim components and configuration of a typical choke control valve [23] 
6.1.1  Functionality/Operation 
Choke valves achieve their functionality via the means of a restriction, known as the choke orifice. The service 
medium, in this case a mixture of hydrocarbon gas, liquid and water, flows through this restriction. “Control of 
the flow-rate is achieved by varying the size of the orifice.” [23]. The general form of this orifice within a choke 
control valve is a cylindrical cage consisting of several “ports” (orifices) populated around the circumference. A 
“plug”  (solid  cylindrical  device)  sits  within  this  cage.  These  components  are  illustrated  in  Figure  6.2.  The 
effective area of the orifice (ports) is varied by manipulating the position of the plug up and down inside the cage 
(the plug is either part of or is attached to the valve stem). As such, the flow-rate through the valve is varied by 
inducing a change in the plug position. 
6.2  Actuated On/Off Valves 
On/Off valves are used in applications where it is required to start or stop a particular flow [24]. They are 
commonly used as a means of providing isolation of a particular area of a plant or unit process such as in the  
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event  of  a  shutdown.  Valves  of  this  nature  are  generally  actuated  such  that  the  ESD  system  is  able  to 
automatically close the valve in the event of an emergency. 
 
In this application however, the main valves to be specified and procured serve only as a control mechanism to 
divert the flow of well fluids and gas to the production or test manifolds as required. The valves specified for this 
service, as used on existing flow-lines, are known as through-conduit gate valves. A cut-away of a through-
conduit gate valve is illustrated in Figure 6.3. The model shown however features a manual hand wheel and not 
an automatic actuator. These valves feature a rectangular closure element with a circular opening to allow the 
process fluid/gas to flow through the valve when the gate is in the raised position. The design of the valve 
“allows  the seating surfaces  of  the  gate to  be in  contact  with  the  gate  at  all  times”  [24].  In  high-pressure 
applications such as wellhead flow-lines this provides an advantage over other types of on/off valves as it 
decreases the likelihood of warping trim components. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 6.3: Cut-away of a manually-actuated through-conduit gate valve [24] 
6.3  Instrument Specification/Data Sheets 
Instrument data sheets contain a broad range of technical information regarding individual instrumentation. The 
majority  of  field  instruments  used  for  a  project  must  be  manufactured,  calibrated,  and  tested  against  each 
specification [21]. The process conditions, required operating range, as well as several other requirements result 
in numerous combinations of instrument materials, sizes, transducer technology and so on. As a result of this, 
most  field  instruments  are  not  commercial,  off-the-shelf  items,  as  it  is  not  economically  viable  for  the 
manufacturers [21]. 
 
During the pre-award phase of an instrument package, the data sheets provide the instrument vendors (suppliers 
bidding on a/several instrument package/s) with the technical requirements which each particular instrument 
must conform. Manufacturer specific fields may be left as VTA (Vendor to Advise) before the contract for that 
package is awarded to one particular vendor. Other fields such as the process conditions are utilised by the 
vendors to determine which instrument is most suitable for the particular application, such as in terms of 
materials, calibrated range etc. 
 
Upon award of the contract for a particular instrument package to a vendor, the data sheets are generally revised 
with all available information specific to the instruments offered by the vendor (generally VTA fields are filled 
out). They are also updated subsequent to the commissioning of the project. More data of the instruments is  
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obtained from site-surveys performed during the commissioning phase and as such the specification sheets are 
updated to reflect the actual specifications of each instrument used for their particular services throughout the 
project. Upon completion of these “As Built” data sheets, they provide a quick yet extensive point of reference 
in the future for purposes such as: 
§  Scheduled maintenance. 
§  Resolving issues if the instrument becomes faulty. 
§  Future modifications to the plant which may affect the service conditions a particular instrument, or 
instruments. 
§  Re-specification of similar instruments in future projects on that site. 
 
The following sections outline and describe typical data contained on a choke control valve datasheet, explained 
in  reasonably  generic  terms.  Examples  of  the  datasheets  issued for the  pre-award  phase  of  the  instrument 
packages for the Bayu-Undan II project are provided for reference in Appendix III. 
6.3.1  Hazardous Area Classification 
The Hazardous Area Classification is the assigned zone, gas group and temperature rating in which the particular 
instrument will be operating in. These aspects are classified according EN 600079-10, Electrical apparatus for 
explosive  gas  atmospheres;  classification  of  hazardous  areas.  Hazardous  area  drawings  are  subsequently 
produced for all areas of the platform, which are essentially a plan-view layout of each deck contained on the 
platform with zone boundaries clearly illustrated. Refer to Appendix IV for an example hazardous area layout 
drawing.  Instrument  layout  drawings  (a  plan-view  layout  of  each  deck  containing  the  location  of  each 
instrument)  are  then  used  in  conjunction  with  these  hazardous  area  drawings  in  order  to  determine  the 
hazardous area classification in which each instrument will operate. 
 
The Hazardous Area Classification is specified on the datasheet to allow the vendor to determine the suitability 
of their instruments in that particular zone, and to specify the protection methods/levels accordingly. 
6.3.2  Process Conditions 
These  conditions  are  used  to  provide  vendors  bidding  on  a  particular  instrument  package  the  necessary 
information in order to select appropriate materials for an instrument. For control valves this data forms the 
basis of sizing calculations undertaken by the bidding vendors. This data consists of the expected product flow-
rates through the flow-lines under nominal operating conditions, the expected pressure drop across the valve 
(this  is  sometimes  specified  as  a  maximum  allowable  pressure),  the  density  of  the  associated  components, 
expected flow-line temperature, component viscosities, in addition to other properties of the medium. In the  
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case  of  an  engineering  design  and  procurement  company,  this  data  is  generally  submitted  by  the  process 
discipline. For the Bayu-Undan II project this data was obtained from a process modeling software package 
known as HYSIS.  
 
The main outcomes of the control valve sizing performed by the bidding vendors are the “CV” of the valve 
under nominal operating conditions, and the Sound Pressure Level (SPL) resulting from flow through the valve.  
 
The “CV” of the vale is the valve sizing coefficient. One CV is defined as the numerical equivalent of one U.S. 
gallon of water at 60˚F that will “flow through the valve in one minute when the pressure differential across the 
valve is one pound per square inch.” [25]. When sizing a control valve at nominal process conditions, the CV is 
calculated and used in reference with the maximum possible CV of that particular valve to determine the nominal 
point at which the valve will operate, and whether or not this is acceptable. 
 
The Sound Pressure Level (SPL) is calculated by determining the approximate magnitude of noise which results 
from process medium flowing through the valve. Generally a maximum allowable SPL is specified. 
6.3.3  Body 
Aspects of the body included for choke control valve datasheets includes inlet and outlet sizes, pressure class of 
the valve body, connection type, the type of guiding provided by the valve, the type of bonnet, and the materials 
of the external valve components. Inlet and outlet sizes are specified in accordance with the outer diameter of 
the flow-line the control valve occurs on, as sized by the process engineering discipline. The required design 
pressure of the valve is specified according to the American national Standard Institute (ANSI) B16.34 standard 
in terms of a class. A list of rated ANSI pressure classes and their corresponding nominal pressures (in bar) is 
provided in TABLE REMOVED FOR CONFIDENTIALITY PURPOSES 
Table 6.1. Higher pressure ratings require the valve body wall to be constructed of a thicker thickness, such that 
the valve subassembly will not rupture [24]. The end connection type of the valve is specified to allow a valve to 
be joined to the piping of the system. As a general rule, valve/piping diameters of less than 50mm are specified 
as  threaded  connections  while  valves/piping  with  a  diameter  of  more  than  50mm  are  specified  as  flanged 
connections [24]. Further information of end connection types is not discussed in this report as this generally lies 
outside of the scope of the instrumentation engineer.  
TABLE REMOVED FOR CONFIDENTIALITY PURPOSES 
Table 6.1: ANSI Pressure Class vs. Nominal Pressure [24]  
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6.3.4  Trim 
The  trim  of  a  control  valve  refers  to  the  wetted/internal  components  contained  within  the  valve.  These 
components are essentially the mechanical mechanisms which are used to control the flow of medium through 
the valve. One important field listed on the choke control valve datasheets is the characteristic of the trim. The 
trim characteristic is inherent from the physical configuration of the trim and defines the relationship between 
the flow coefficient, CV, and the stem position [24]. Inherent flow characteristics of typical control valves are 
illustrated in Figure 6.4. 
IMAGE REMOVED FOR CONFIDENTIALITY PURPOSES 
Figure 6.4: Typical flow characteristics for quick-opening, linear and equal percentage control valves [24] 
The shutoff class of the valve is also specified as part of the trim. “Shutoff classifications are determined by a 
percentage of a test fluid (usually water or air) that passes through the valve, as part of the valve’s rated capacity.” 
[24]. The ANSI Class specified for the choke control valves in ANSI Class V. This class requires 0.0005cm2/min 
per inch of orifice diameter pounds-per-square-inch (psi) differential [24]. 
6.4  Material Requisitions 
Material  requisitions  are  formal  documents  which  provide  the  supplier  (vendor)  with  a  formal  reference 
regarding the design, fabrication and supply of instrumentation. They contain a list of reference documents, 
namely in the form of specifications which must be adhered to. Additional information includes requirements 
for materials to be used for the applicable instrumentation (such as in the case of valves), and requirements for 
certification and testing of the instruments. An important part of a material requisition is the Supplier Drawing 
and Data Requirement (SDDR) Matrix. This lists the documents required to be submitted by the supplier to 
WorleyParsons  at  both  pre-award  and  post-award  phases.  Examples  include  spare  parts  lists,  general 
arrangement drawings, instrument calibration sheets etc. 
 
As a project deliverable for Bayu-Undan II, material requisitions were produced and issued (several revisions) for 
the long-lead instrument packages (choke control valves & actuated on/off valves). This involved referencing 
standards applicable to the valves, such as fugitive emissions production testing for valve packing material and 
Industrial Control Valves: Sizing Equations for Fluid Flow under Installed Conditions. 
 
An example Material Requisitions is provided for reference in Appendix V.  
 
 
 
ENG450 Engineering Internship    Instrument Specification & Procurement  45
6.5  Material Take-Offs 
Material Take-Offs (MTOs) provide a supplement to the material requisitions of their respective packages (in 
this case choke control and actuated on/off valves). They are essentially a list of the required instrumentation in 
a particular package for vendor reference when submitting a quote of the relevant instruments. 
 
Examples of the Material Take-Offs issued for requisition purposes are provided in Appendix VI. 
6.6  Technical Bid Evaluation 
A Technical Bid Evaluation (TBE) is undertaken and issued by the company responsible for the requisition of a 
particular instrument package. This occurs as a pre-cursor to the award of the contract to a bidding vendor. The 
primary purpose of a Technical Bid Evaluation is to determine if a particular instrument package offered by a 
vendor  is  technically  acceptable  in  relation  to  all  required  industry  and  client  standards/specifications.  The 
completed TBE is submitted to the client and serves as a major factor to which vendor the package is awarded. 
Technical Bid Evaluations were undertaken for the long-lead instrument packages, the choke-control valves and 
actuated on/off valves. An example TBE is provided for reference in Appendix VII. 
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7  Conclusion & Outcomes 
 
Upon reflection of the intended outcomes of the Engineering Internship, the work undertaken has provided the 
opportunity to explore the world of engineering design in the context of a practical project. The problems 
encountered in the day-to-day involvement in a project highlighted the inherently challenging nature of the 
engineering  environment  in  general.  As  such,  the  experience  gained  has  emphasised  the  importance  of 
developing  technical  and  problem  solving  skills  and,  even  more  importantly,  the  need  to  establish  strong 
communication skills to liaise with other parties. 
 
The nature of the work undertaken, as part of the engineering internship, has played a critical role in the 
development of the following Engineers Australia competency units. 
 
Technical Competencies: 
1.  Engineering Practice 
2.  Engineering Planning and Design 
3.  Materials/Components/Systems 
 
Process Competencies: 
1.  Self Management in the Engineering Workplace 
2.  Engineering Business Management 
3.  Engineering Project Management 
4.  Investigating and Reporting 
 
Technical experience/understanding has been developed in the following areas. 
§  Processes involved with offshore facilities (in terms of unit operation purposes and functionality) 
§  Instrument systems and components such as Wellhead Control Panels, chemical injection skids etc. 
§  Typical  architecture  and  configuration  of  control  and  shutdown  systems,  including  the  required 
functionality for the assigned project. 
§  Specification of instrument packages and analysis in terms of instrument components, functionalities, 
required testing procedures etc. 
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8  Further Work 
 
Further work to be completed as a follow-on to the internship essentially involves the following. 
§  Progressing the deliverables issued in the Pre-FEED (Pre-Front-End Engineering Design) phase (as part 
of the internship) into the FEED phase. 
§  The specification and activities associated with the procurement of all other instrument packages. This 
includes  but  is  not  limited  to  instruments  such  as  pressure  transmitters,  temperature  transmitters, 
thermowells and solenoid valves. 
§  Producing the FEED deliverables required to provide the control and shutdowns systems vendor with 
the necessary information to configure and/or modify the existing systems as required. This includes 
Cause and Effect charts, I/O assignment schedules and so on. 
§  Additional FEED deliverables such as Intrinsically Safe Entity Calculations. 
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